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C igarette smoking was identified by the Surgeon 
General in 1982 and 1983 as the most impor¬ 
tant modifiable risk factor for cancer and 
chronic heart disease in the United States.**^ Recent 
studies have implicated exposure to environmental to¬ 
bacco smoke as a significant risk factor for the develop¬ 
ment of lung cancer and heart disease. Because more 
information on environmental tobacco smoke is now 
available, its health effects arc reviewed in this report, 
with a major emphasis on the relation of environmental 
tobacco smoke to cardiovascular disease. 

Cigarette smoking has a significant effect on the 
health of Americans, and is a major cause of cardiovas¬ 
cular disease.^ Cardiovascular disease attributable to 
voluntary cigarette smoking accounts for about as many 
deaths each year as chronic obstructive pulmonary 
disease and lung cancer deaths combined^ In 1988 
approximately 430,000 deaths in adults aged 35 and 
older were attributed to the intentional inhalation of 
tobacco smoke. This number included 201,000 deaths 
due to cardiovascular disease, 112,000 due to lung 
cancers, 83,000 due to chronic lung disease (including 
pneumonia, influenza, bronchitis, emphysema, chronic 
airway obstruction, and other respiratory diseases), and 
31,000 due to other cancers.^ It has also been estimated 
that an additional 3,800 lung cancer deaths* and 37,000 
cardiovascular deaths occurred in nonsmoken who had 
been exposed to environmental tobacco smoke.^ An 
additional 2,500 perinatal deaths were estimated to 
have occurred because of matemai smoking, and about 
1,300 deaths resulted from bums related to smoking.^ 
Although the existing eptdemiologicai studies on can¬ 
cer deaths associated with environmental tobacco 
smoke may be subject to questions about sample size, 
exposure, experimental design, and differing lifestyles 
of populations, sufficient mfonnatlon has been pub¬ 
lished to implicate environmental tobacco smoke as a 
definite health hazard; The 1986 Surgeon General's 
report concluded that involuntary smoking is a cause of 
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disease, including lung cancer, in healthy nonsmokers, 
and it was postulated that approximately 3,000-4,000 
nonsmokers exposed to environmental tobacco smoke 
die of lung cancer each year.* The repon also concluded 
that children whose parents smoke have an increased 
frequency of respiratory infections, increased symptoms 
of respiratory problems; and slightly smaller rates of 
increase in lung function as the lung matures compared 
with children of nonsmoking parents. At the time of the 
report, environmental tobacco smoke could not be 
definitely linked to cardiovascular disease. However, 
since 1986 several studies have been published docu¬ 
menting a link between environmental tobacco smoke, 
cancer,’ and heart disease.^-* The Environmental Pro¬ 
tection Agency has also done an extensive study of the 
effects of environmeatai tobacco smoke on lung cancer. 

Environmental Tobacco Smoke 

Burning cigarettes emit two types of smoke: main¬ 
stream smoke, which is the smoke directly inhaled into 
the smoker's lungs, and sidestream smoke, which is the 
smoke emitted into the air from the burning cigarette 
between puffs. Environmental tobacco smoke is about 
85% sidestream and' 15% exhaled mainstream smoke. 
More than 4,000 chemicals, including at least 40 carcin¬ 
ogens, arc contained in environmental tobacco smoke.’ 
Many toxic constituents arc found in higher concentra¬ 
tions in sidestream than in mainstream smoke.^ For 
example, in sidestream smoke there is about five times 
as much carbon monoxide (which decreases the ability 
of hemoglobin to cany oxygen to the tissues), three 
times as much benzopyrene (a tumor- and plaque- 
producing compound), and 50 times as much ammonia 
(an eye and respiratory irritant) as is inhaled directly 
from a cigarette. The difference is because the cigarette 
bums at a higher temperature during inhalation, lead¬ 
ing to more complete combustion, and Alters also screen 
some of these toxic compounds. 

Those in close proximity to someone smoking a 
cigarette arc exposed to smoke not only while the 
cigarette is lit but continue to inhale smoke that has 
mixed with air long after the cigarette is extinguished. 
Environmental tobacco smoke can persist in indoor 
environments for many hours after cessation of smok¬ 
ing, the time depending on ventilation and the mixing of 
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room air with UDContaminated airJ® To conserve en¬ 
ergy, building ventilation rates are sometimes de¬ 
creased, causing levels of smoke to increase in work¬ 
place environments, and in many homes ventilation of 
smoke to the outside is minimal. 

Risk to Nonsmokers from EDvironmeDtal 
Tobacco Smoke 

The relative risk of developing lung cancer has been 
estimated to be 1.3 for nonsmokers exposed to environ¬ 
mental tobacco smoke at home compared with non- 
smokers with no exp>osure to environmental tobacco 
smokc.’-^®*^® Active smoking has a relative risk factor for 
cancer of about 10.^ Average workplace exposures to 
environmental tobacco smoke are estimated to increase 
lung cancer risk twofold because enviroomentai tobacco 
smoke exposures are generally higher at the workplace 
than at home.^^ Despite the difficulty of interpreting 
epidemiological studies of exposure levels in the home 
and workplace, several recent studies demonstrate a 
definite link between cardiovascular deaths in nonsmok¬ 
ers exposed to environmental tobacco smoke. Clantz 
and Pannley^ reviewed 10 of these studies, showing that 
men and women nonsmokers exposed to environmental 
tobacco smoke at home had an overall cardiovascular 
relative risk factor of 1.3. This compares to a relative 
risk factor of 1.7 for smokers compared with nonsmok- 
ers.2 Kawachi et aP^ pTedicted an even higher relative 
risk factor for workplace exposures of nonsmokers to 
environmental tobacco smoke. 

Repace and Lowrey* evaluated ei^t studies in which 
the number of lung cancer deaths of nonsmokers ex¬ 
posed to environmental tobacco smoke averaged 
5,0(X):t2,400 (mean^standard deviation) per year. As¬ 
suming that the ratio of lung cancer to heart disease 
deaths is the same with environmental tobacco smoke 
exposure as for voluntary smoking, approximately 
10,000 deaths of nonsmokers exposed to eovironmentai 
tobacco smoke would be expeaed to occur per year. 
However, this simple estimate docs not include many 
aspects of environmental tobacco smoke exposure, such 
as the amount of environmental tobacco smoke expo¬ 
sure in the workplace and home, the number of persons 
exposed to environmental tobacco smoke, and the typ>c 
and amount of smoke exposure. In fact, studies to 
evaluate these factors indicate that environmental to¬ 
bacco smoke causes a higher risk of heart disease than 
predicted by this simple estimate. 

Recently, Steeniand* performed extensive analyses of 
the available literature on the cardiovascular effects of 
environmental tobacco smoke and prediaed that isch¬ 
emic hean disease could cause as many as 15^000- 
19,000 deaths yearly of nonsmokers due solely to envi¬ 
ronmental tobacco smoke from their spouses. Steenland 
also predicted an overall number of deaths due to 
environmentaj tobacco smoke-related cardiovascular 
disease of 35,000-40,000 yearly, a number similar to the 
number of deaths estimated by Glantz and Pannley^ 
ud Wells.‘^ Because the risk of coronary ancry disease 
increases markedly with the number of risk factors, 
nonsmokers with hypertension or hypercholesterolemia 
and exposed to environmental tobacco smoke are likely 
to be at even greater risk of developing cardiovascular 
disease. It is well known that the risk of coronary heart 
disease caused by voluntary smoking decreases by about 


half after 1 year of smoking cessation and after several 
years approaches that of people who have never 
smoked.^* Similar health benefits should occur in pre¬ 
viously enviroomentai tobacco smoke-exposed non¬ 
smoking individuals when environmental tobacco smoke 
is removed from the environment in which they work 
and live.* 

Exposure Co Eovironmentai Tobacco Smoke 

Although the proportion of smokers in the United 
Sutes is decreasing, 32% of men and 27% of women 
aged 20 and older smoke cigarettes. These smokers 
Willi expose a vast number of nonsmokers to environ¬ 
mental tobacco smoke, and it has been estimated that 
approximately 50 million nonsmoking adults over age 35 
are regularly exposed to environmental tobacco 
smoke.^^ Additionally, we estimate that 50% of all 
children live in families with one or more smokers. In a 
survey conducted in 1979-1980, 63% of nonsmokers 
reported being exposed to environmental tobacco 
smoke for more than 1 hour per week, 35% were 
exposed to environmental tobacco smoke for more than 
10 houn per week, and 16% were exposed to environ¬ 
mental tobacco smoke for at least 40 hours per week.'* 
It is likely that exposure of nonsmokers to environmen¬ 
tal tobacco smoke has decreased in recent years because 
of the increased public awareness of the hazards of 
environmental tobacco smoke, increased restrictions on 
smoking areas, and better ventilation of the workplace. 
The public has now begun to understand the detrimen¬ 
tal health effects of environmental tobacco smoke expo¬ 
sure, but this increased awareness has not eliminated 
exposure to environmental tobacco smoke of spouses 
and children living in a smoker's home or that occurring 
in some workplaces and public buildings. 

Cardiovascular Effects of Eovironnieiiul 
Tobacco Smoke 

Environmental tobacco smoke produces acute effeas 
on cardiovascular funaion in human studies. In subjects 
with stable angina, environmental tobacco smoke in¬ 
creases resting heart rate, blood pressure, and blood 
carboxyhemoglobin, and reduces the duration of exer¬ 
cise that induces angina.'*-^ Environmental tobacco 
smoke also produces adverse effects on the exercise 
performance of healthy people.^* Several studies have 
found increases in the incidence of oonfatal bean 
disease, including angina and myocardial infarction, 
among nonsmokers exposed to environmental tobacco 
smoke.^^ 

A few small sample cases show direct invoNement 
between environmental tobacco smoke and peripberali 
vascular disease. For example, Bocanegra and Es¬ 
pinoza^ ref>orted Raynaud's phenomenon in two suc¬ 
cessive wives of a chain-smoker. The symptoms of both 
nonsmokers, as would be expected, subsided after they 
were no longer exposed to enviroomentai tobacco 
smoke. Cigarette smoking is a major, prevenubie risk 
factor that promotes atherosclerotic peripheral vascular 
disease,'*^ and it is likely that environmentaj tobacco 
smoke also increases the risk for peripberai vascular 
disease, although the latter hypothesis remains to be 
studied. 
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Mecimnisms of Indncing CMxdionscolMT Disease 

Nicotine, the drug in tobacco that causes addiction, 
produces acute increases in heart rate and blood pres¬ 
sure*^ Cigarette smoking has been shown to increase 
platelet aggregation and cause endothelial cell dam- 
age.^“ Polycyclic aromatic hydrocarbons present in 
smoke (for example, bcn 2 o[a]pyrcnc) are capable of 
inducing and accelerating the development of athero- 
sclerosis.2’-» Exposure to environmental tobacco smoke 
will also increase carbon monoxide levels in red blood 
cells. Studies indicate that increased carbon monoxide 
levels in humans result in a more rapid onset of angina^^ 
and increased arrhythmias^^ in exercising nonsmokers. 
A recent study indicates that environmental tobacco 
smoke sensitizes circultiting neutrophils in humans and 
may cause their subsequent activation and oxidant- 
mediated tissue damage, leading to carcinogenesis and 
atherosclerosis.^^ It is likely that these and more yct-to 
bc-identified mechanisms arc involved in increasing the 
risk of heart disease in persons exposed to environmen¬ 
tal tobacco smoke. 

Potential for Prevention 

Although regulation of tobacco products is specifi¬ 
cally prohibited under the Federal Hazardous Sub¬ 
stances Act, many actions have been taken to protea 
the health of nonsmokers. For example, cigarette smok¬ 
ing has been banned from air flights in the 4S contiguous 
states; and as of March 1991, laws rcstria smoking in 
public places in 46 states, in public-scaor workplaces in 
38 states, and in privatc-scaor workplaces in 17 states.^ 
Many hospitals, health care facilities, and private and 
public workplaces arc smoke-free. The benefit of re¬ 
stricting smoking in buildings and workplaces is obvious, 
but the effect of a greater awareness of the importance 
of reducing environmental tobacco smoke in the home 
has not t>een evaluated. 

The final conclusion of the 1986 Surgeon General's 
Report was that separating the smokers and oonsmok- 
ers within the same air space may reduce but docs not 
eliminate the exposure of nonsmokers to environmental 
tobacco smoke. Attempts to control tobacco smoke by 
incTcasiog room ventilation can be futile, and the only 
sure way to protea nonsmokers from environmental 
tobacco smoke is to eiimiaate smoking from areas that 
they share with-nonsmokers. Environmental tobacco 
smoke must now be considered an environmental toxin 
from which the public and workers should be protcaed. 
Thus, it is the responsibility of the employer to protect 
workers, and of public building managers, to protea the 
public from environmental tobacco smoke exposure. It 
is the responsibility of parents to ensure that their 
children are not exposed to environmental tobacco 
smoke in the home, and the responsibility of everyone 
to e limi nate this health hazard fiom the environment.* 

Summary 

Although the number of cardiovascular deaths asso¬ 
ciated with environmental tobacco smoke cannot be 
predicted with absolute certainty, the available evi¬ 
dence indicates that environmental tobacco smoke in¬ 
creases the risk of heart disease. The effects of environ¬ 
mental tobacco smoke on cardiovascular function, 
platelet function, neutrophil function, and plaque for¬ 


mation are the probable mechanisms leading to heart 
disease. The risk of death due to hean disease is 
increased by about 30% among those exposed to envi¬ 
ronmental tobacco smoke at home and could be much 
higher in those exposed at the workplace, where hi^er 
levels of environmental tobacco smoke may be present. 
Even though considerable uncertainty is a part of any 
analysis on the health affects of environmental tobacco 
smoke because of the difficulty of conducting long-term 
studies and selecting sample populations, an estimated 
35,000-40,000 cardiovascular disease-related deaths 
and 3,000-5,000 lung cancer deaths due to environmen¬ 
tal tobacco smoke exposure have been predicted to 
occur each year. 

The AHA's Council on Cardiopulmonary and Criti¬ 
cal Care has concluded that environmental tobacco 
smoke is a major preventable cause of cardiovascular 
disease and death. The council strongly supports efforts 
to eliminate all exposure of nonsmokers to environmen¬ 
tal tobacco smoke. This requires that environmental 
tobacco smoke be treated as an environmental toxin, 
and ways to protea workers and the public from this 
health hazard should be developed. According to a 1989 
Galliip survey commissioned by the American Lung 
Association, 86% of nonsmokers think that environ¬ 
mental tobacco smoke is harmful and 77% believe that 
smokers should abstain in the presence of nonsmokers. 
However, programs aimed at further educating the 
public about the cardiovascuiar effects on nonsmokers 
of exposure to environmental tobacco smoke must be 
strengthened and remain a major component of the 
AHA mission. A smoke-free environment in the home, 
public buildings, and workplace should be the goal of 
society. 
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